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Although Alzheimer’s disease criteria promote the use of biomarkers, their maturity in clinical routine
still needs to be assessed. In the light of the oncology framework, we conducted a literature review on
measures used to assess delayed recall impairment due to medial temporal lobe dysfunction (i.e., free
and cued word list recall tests). Ample evidence is available for phases 1 (rationale for use), 2
(discriminative ability), and 3 (early detection ability) for many of the tests in routine use. Evidence about
phase 4 (performance in real world) and phase 5 (quantify impact and costs) is yet to come. Administration procedures have been standardized and cutoff scores are well validated in large Alzheimer’s
disease and mild cognitive impaired series. Some aspects (e.g., different task formats), however, hamper
the comparability of results among different populations and the reproducibility between laboratories.
No deﬁnite guideline for their use can thus be proposed at the moment. Accordingly, the maturity of such
markers is not yet sufﬁcient and requires future investigation to promote the proper use of memory
measures in clinical settings.
Ó 2016 Elsevier Inc. All rights reserved.
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1. Introduction
The correct identiﬁcation of Alzheimer’s disease (AD) represents
a challenge for clinicians especially at the predementia stages.
Recent developments in this area of research are speciﬁcally devoted
to support the early identiﬁcation of AD pathology in vivo and to the
application of reliable biomarkers of disease in clinical settings. The
need of more accurate early and differential diagnosis, indeed,
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prompted the development of new research criteria supporting the
use of biomarkers in order to recognize AD in prodromal or even
preclinical stages (Albert et al., 2011; Dubois et al., 2007, 2010, 2014;
Jack et al., 2011; McKhann et al., 2011; Sperling et al., 2011).
Since the introduction of new clinical criteria, AD research has
been mainly focused on the application of distinctive topographic
(e.g., 18F-ﬂuorodeoxyglucose positron emission tomography [FDGPET]; magnetic resonance imaging [MRI]) and pathophysiological
(e.g., amyloid-PET or cerebrospinal ﬂuid [CSF]) biomarkers in clinical research. Several methodological problems have emerged
about their implementation in clinical routine. Neither a deﬁnite
diagnostic algorithm nor clear quantitative measures for the use of
biomarkers in patients suspected for AD have been clearly outlined.
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Thus, different biomarkers and measurement tools are used by
researchers according to their availability in community-based and
clinical-based studies, obviously resulting in heterogeneous
ﬁndings.
To overcome similar problems in the ﬁeld of oncology, Pepe et al.
(2001) suggested systematizing the investigation of cancer biomarkers on the basis of the methodology used for pharmacological
investigation. Since a formal structure to guide the process of AD
biomarker development was lacking so far, an effort has recently
been launched to adopt the previously mentioned oncology model
to effectively systematize the available scientiﬁc evidence for the
use of biomarkers in AD diagnosis, with the aim to promote rigor in
their application to clinical settings. The present study focuses on
the analysis of the maturity of the assessment of episodic memory
by means of delayed recall tasks in the framework of this model.
Whether cognitive testing can properly be considered as a
marker of disease is an open question. The concept is fully
compatible with a broad deﬁnition, such as “.a characteristic
which can be objectively measured and evaluated as an indicator of
a physiological as well as a pathological process or pharmacological
response to a therapeutic intervention” (Jain, 2012). In the ﬁeld
of dementia, however, neuropsychological testing is generally
considered separately from imaging and CSF biomarkers (e.g.,
Ewers et al., 2012). Within the MCI and/or prodromal AD context,
neuropsychological testing is usually considered as a sort of
“gatekeeper” for the application of biomarkers, as the presence of
objective impairment is required by the diagnostic criteria to
separate these conditions from subjective complaints. In any case,
given the central role of cognitive assessment, it is surprising that
studies assessing the sensitivity and speciﬁcity of neuropsychological tests for diagnosis of AD or the predictive value of the progression from mild cognitive impairment (MCI) to AD are relatively
scant and heterogeneous in methodology. In particular, the presence of an early and signiﬁcant objective deﬁcit of memory and
learning has been considered as the main criterion supporting the
diagnosis of typical AD condition for decades (APA, 2000; McKhann
et al., 1984; Diagnostic and Statistical Manual of Mental Disorders
[DSM-IV]), and an impaired memory performance in comparison to
a healthy control group is considered as the best cognitive predictor
of the development of future AD (Elias et al., 2000; Sarazin et al.,
2007; Small et al., 2000). According to Braak and Braak staging of
AD (Braak and Braak, 1991), the earliest neuropathological changes
involve the entorhinal cortex and the hippocampal structures,
disconnecting the Papez circuit and selectively affecting the ability
to consolidate new information. This results in an impaired performance on delayed recall memory tasks (Squire et al., 2004).
Moreover, in the context of recent diagnostic criteria for the very
early and/or prodromal stages of AD, the performance in speciﬁc
memory tests has gained a special status. The presence of impaired
memory performance on objective testing is required for the deﬁnition of MCI (hence “amnesic MCI”) or prodromal AD status. If a
subject presents with subjective memory complaints, in the
absence of objective memory dysfunction, he or she is deﬁned as
having a “subjective memory impairment”, an inconsistently
deﬁned construct (Abdulrab and Heun, 2008), which in clinical
practice does not usually lead to further investigation but only to
reassurance and long-term follow-up (Berrios et al., 2000; Jessen
et al., 2014).
Since cognitive assessment remains a critical component of
diagnosis in clinical and research settings, it is vital to determine
the capacity of speciﬁc memory measures in detecting early
disease changes and predicting disease progression, in order to
recommend tests having the greatest predictive accuracy. The tasks
assessing memory ability may differ with respect to the modality of
stimulus presentation, the testing procedure, the structure of the

to-be-remembered information or the presence of facilitators to
improve encoding and recall (cued paradigms).
Many memory measures are used in clinical and research settings. The most common are measures of delayed free recall of
word lists. A variety of standardized verbal learning tasks, such as the
Rey Auditory Verbal Learning Test (RAVLT; Rey, 1941), the California
Verbal Learning Test (CVLT; Delis et al., 1987, 2000; CVLT-II, Delis et
al., 2000), and the Hopkins Verbal Learning Test (Brandt and
Benedict, 2001), are commonly used for clinical diagnosis and disease monitoring of AD dementia and mild cognitive impaired (MCI)
patients. In addition, some word list tasks, often quicker to administer, that is, with fewer words to learn (10-word list) and less
learning trials (2 or 3), are part of neuropsychological batteries, such
as the Wechsler Memory battery (http://www.pearsonclinical.com/),
Alzheimer’s Disease Assessment Scale-cognition (ADAS-cog) (Mohs
et al., 1983), Consortium to establish a registry for Alzheimer’s disease (CERAD) (Morris et al., 1988), or Montreal Cognitive Assessment
(MoCA) (Nasreddine et al., 2005). Direct measurement of the number
of items recalled at the learning trials (i.e., the immediate recall) or
after a time delay (i.e., the delayed recall), as well as the difference
between immediate and delayed recall (i.e., the savings) are the main
measures obtained from the word list free recall tasks used to
evaluate patient performances.
Other neuropsychological tests for the assessment of verbal
long-term memory are logical memory (short story recall) and
associative learning tasks (e.g., in the Wechsler Memory battery).
Both immediate and delayed scores are obtained from story recall
tests. In this case, the processing of a coherent stream of information typically beneﬁts from intrinsic semantic organization of
the material, while the ability to self-generate organizational
strategies is required for free recall of word list tasksdwith the
exception of the CVLT (Randolph et al., 1994). Other tests assess
nonverbal memory, such as, the delayed recall of Rey ﬁgure or
the Cambridge Neuropsychological Test Automated Battery (http://
www.cambridgecognition.com/), testing the ability to form and
remember associations between the attributes of an experience.
These tasks are sensitive to the functional integrity of the medial
temporal lobe (Eichenbaum and Cohen, 2001; Meltzer and
Constable, 2005), as performance largely depends on the ability
to bind and encode arbitrary information.
Though the amnestic syndrome is typical of the onset of AD,
impairments on delayed recall tasks may also be present in non-AD
neurodegenerative diseases (e.g., behavioral variant of frontotemporal dementia; Hornberger et al., 2010) as well as in other
conditions (e.g., vascular MCI, depression), characterized by
cognitive deﬁcits that can affect the learning phase or the encoding
and recall processes (Dickerson and Eichenbaum, 2010). In AD, the
amnestic proﬁle is typically characterized by poor learning and
rapid forgetting over relatively short periods, reﬂecting damage to
the hippocampal structures (Squire et al., 2004). To accurately
detect memory impairment of the hippocampal type, the design of
the test used to assess memory ability, and in particular of the
learning phase of the task, is crucial. Free recall is dependent upon
intact attentional processing, registration, and retrieval mechanisms. An effective retrieval of the to-be-remembered information
can be better achieved with an “encoding speciﬁcity”, based on the
correspondence of the semantic cue during encoding and retrieval.
The use of this learning technique produces efﬁcient results in
healthy subjects (Ivnik et al., 1997). In agreement to this evidence,
the speciﬁc neuropsychological features of the memory impairment of AD has been stressed in the International Working Group
research diagnostic criteria (Dubois et al., 2010, 2014) and deﬁned
as follows: “objective evidence of signiﬁcantly impaired episodic
memory on testing, generally consisting of a recall deﬁcit that does
not improve signiﬁcantly with cueing or recognition testing after
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effective encoding of information has been controlled”. Test paradigms providing controlled learning conditions (encoding) and
distinguishing between the performance on free recall and the effects of cueing nonrecalled items (i.e., the Grober-Buschke paradigm, Buschke, 1984) can distinguish between the encoding and
storage impairments typical of AD condition and low memory
performances resulting from reduced attentional resources or
ineffective recall strategies (Grober and Buschke, 1987). The Free
and Cued Selective Reminding Test (FCSRT; Buschke, 1984; Grober
and Buschke, 1987) has thus gradually entered standard neuropsychological batteries, partially replacing traditional free recall
word list tasks (e.g., RAVLT). Three FCSRT measures are mainly used
to detect AD: free recall, total recall (the sum of free and cued
recall), and cue efﬁciency (the ratio of cued recall successes to the
number of cued recall attempts). The high negative predictive
values of free and total recall FCSRT (Auriacombe et al., 2010;
Dierckx et al., 2009) support the utility of these measures for
ruling out dementia in both primary and secondary care settings.
Low positive predictive values (Auriacombe et al., 2010; Dierckx
et al., 2009) may limit their usefulness. This effect is, however,
more restricted among patients attending memory clinics
(Auriacombe et al., 2010), where disease prevalence is higher.
For the considerations summarized previously, among the large
number of measures used in clinical practice to assess episodic
memory ability, the present discussion is limited to delayed free and
cued recall tests for several reasons. In particular, they are the most
widely used tests in clinical and research settings (Maruta et al.,
2011). Moreover, there is extensive evidence that they may represent the most sensitive measures of memory decline and that they
may be relatively speciﬁc for medial temporal lobe dysfunction, that
is, to the earliest pathological changes in AD (Braak and Braak, 1991).
2. Methods
2.1. Target
This study was performed with reference to the model imported
from the oncology ﬁeld (Pepe et al., 2001) and adapted to the ﬁeld
of dementia, speciﬁcally to the aim of performing the differential
diagnosis of AD at the prodromal stage (Boccardi et al., 2017; Frisoni
et al., 2017). The terms of this framework are summarized in this
section. The target populations are sporadic AD dementia patients
and MCI subjects, as deﬁned in the following section. Although
studies with pathological conﬁrmation should be considered as the
gold standard to evaluate accuracy of memory measures in AD, the
criteria chosen to select articles appropriate for this review also
included studies in which AD was diagnosed according to the
clinical criteria (at baseline or at follow-up) available at the time of
the study. We considered progression to dementia at a minimum of
2-year follow-up as the gold standard for the clinical diagnosis of
AD in MCI patients.
2.2. Glossary
2.2.1. Alzheimer’s disease
Alzheimer pathology consists of brain amyloidosis and neurodegeneration, usually with mediotemporal and temporoparietal
distribution. The term is thus independent of the clinical manifestation of the disease.
2.2.2. AD dementia
This clinical syndrome features both cognitive impairments and
functional disability as deﬁned by McKhann (1984). Notably, not all
cases of AD dementia have AD pathology due to imperfect accuracy
of purely clinical criteria.
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2.2.3. Mild cognitive impairment (MCI)
The population with cognitive impairment and no functional
disability, including, besides cases with prodromal AD, cases with
no neurodegenerative disorders (about 35%e40%), and non-AD
neurodegeneration (about 10%e15%) (Bennett et al., 2002; Jack
et al., 2008; Rowe et al., 2010). The MCI cases with biomarker
positivity are deﬁned as prodromal AD in the clinical criteria by
Dubois et al. (2010). The focus of our review is the diagnosis of AD at
the MCI stage.
2.2.4. Non-AD neurodegenerative diseases
The neurodegenerative disorders entering differential diagnosis
considered in this context are suspected nonamyloid pathology,
hippocampal sclerosis, frontotemporal lobar degeneration, tauopathies (e.g., progressive supranuclear palsy and corticobasal
degeneration), dementia with Lewy body, and other alphasynucleinopathies such as multiple system atrophy.

2.3. Conceptual framework
Here, we summarize the results of the translation of the conceptual framework from oncology to the AD ﬁeld described elsewhere (Boccardi et al., 2017; Frisoni et al., 2017), as steps to be
covered in the systematic development of disease markers for a
proper use in the clinical routine for the diagnosis of AD. The present review focuses on the maturity of selected neuropsychological
tasks for the assessment of delayed recall relative to each step. In
reference to the model imported from the oncology ﬁeld (Pepe
et al., 2001), we generally referred to the neuropsychological
markers and the other AD disease markers as “biomarkers”. All aims
and subaims are speciﬁcally addressed and qualiﬁed as “Fully
achieved,” “Partly achieved,” “Preliminary evidences,” “Not achieved,” or “Not applicable” based on the available evidence. The
evaluation terms and assessments are reported in detail in Table 1.
2.3.1. Phase 1
Phase 1 studies aim to identify the rationale of the biomarker,
based on pathology ﬁndings, and consist of preclinical exploratory
studies.
2.3.2. Phase 2
Phase 2 studies aim to deﬁne the ability of the biomarker to
discriminate patients from healthy subjects. It focuses on deﬁning
the clinical essay allowing reliable discrimination and in the
assessment of the possible differential effects of covariates that may
inﬂuence the thresholds for positivity.
2.3.3. Phase 3
Phase 3 studies aim to deﬁne the ability of the biomarker to
detect the disease in its early phase, namely, in the prodromal stage
as set for the present exercise. They consist of prospective longitudinal repository studies aimed to ﬁne-tune the exact thresholds
for positivity and to compare the usefulness of the biomarker
compared to or differentially combined with the other available
biomarkers.
2.3.4. Phase 4
Phase 4 studies aim to estimate the accuracy and usefulness of
the biomarker-based diagnosis in real-world patients. It consists of
prospective diagnostic studies and on subjects also undergoing
treatment following the biomarker-based diagnosis. It assesses the
beneﬁt of the biomarker-based detection in terms of early diagnosis, feasibility, and compliance and provides preliminary evidence about mortality, costs, and undetected cases.
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Table 1
The table reports evaluation terms and assessments of aims and subaims of each phase
Phase

General aim

Aim

Progress

Evidence in AD

1dPreclinical
exploratory
studies

Identify the rational of the
BM, based on pathology

To identify leads for potentially useful biomarkers and prioritize
identiﬁed leads

Fully achieved

2dClinical assay
development
for clinical
disease

Deﬁne the ability of the BM
to discriminate patients
from controls

Primary: To estimate true positive rate (TPR) and false positive
rate (FPR) or receiver operating characteristic (ROC) curve for
the assay and to assess its ability to distinguish subjects with
and without disease
Secondary 1: To optimize procedures for performing the assay
and to assess the reproducibility of the assay within and
between laboratories
Secondary 2: To determine the relationship between biomarker
tissue measurements made on tissue (phase 1) and the
biomarker measurements made on the noninvasive clinical
specimen (phase 2)
Secondary 3: To assess factors (e.g., sex, age, etc.) associated
with biomarker status or level in control subjects. If such factors
affect the biomarker, thresholds for test positivity may need to
be deﬁned separately for target subpopulations.

Fully achieved

Adequate scientiﬁc evidence is available supporting the fact that (1)
medial temporal lobe structures are early affected in AD; and (2) the
extent of cognitive impairment parallels the severity of cortical
neuroﬁbrillary tangles pathology.
Good/excellent value for the delayed recall tasks emerged in the
discrimination of AD patients from cognitively healthy subjects.

Secondary 4: To assess factors associated with biomarker status
or level in diseased subjectsdin particular, disease
characteristics.

Partly achieved

Primary 1: To evaluate the capacity of the biomarker to detect
the earliest disease stages

Partly achieved

Primary 2: To deﬁne criteria for a biomarker-positive test in
preparation for phase 4.
Secondary 1: To explore the impact of covariates on the
discriminatory abilities of the biomarker before clinical
diagnosis.

Partly achieved

Secondary 2: To compare markers with a view to selecting those
that are most promising
Secondary 3: To develop algorithms for positivity based on
combinations of markers.

Not applicable

Secondary 4: To determine a biomarker testing interval for
phase 4 if repeated testing is of interest.

Not achieved

Primary: To determine the operating characteristics of the
biomarker-based test in a relevant population by determining

Not achieved

4dProspective case
ﬁnding studies

Deﬁne the ability of the BM
to detect the disease in its
early phase

Quantify the BM accuracy
and usefulness in patients

Not applicable

Partly achieved

Partly achieved

Partly achieved

Neither sufﬁcient evidence is available nor has direct effort been
employed to systemically compare different standardized versions of
delayed recall tasks.
d

The weight of demographic variables on the performances at the
delayed recall tasks has not been deﬁnitely evaluated in all the reference
subpopulations. Apart from educational level, neuropsychological task
performances are not controlled for other possible factors inﬂuencing
cognitive performance at baseline, such as socioeconomic status and
other factors possibly affecting cognitive reserve.
Neuropsychological performances on delayed memory tasks correlate
with age at onset. ApoE ε4 allele presence is not directly associated with
cognitive status. Episodic memory performances may not be sensitive to
atypical AD. Additional studies assessing factors associated with
biomarker status in AD subjects are required.
Scientiﬁc evidence is generally supporting good predictive values for
delayed recall tasks. Some comparative studies among different tasks
are available, with sparse and contradictory ﬁndings. There is at the
moment insufﬁcient evidence for the superiority of one measure
compared to the others, as well as of cued paradigms compared to
traditional measures of free recall.
It seems essential to address the impact of different cutoff points for
delayed recall tests in future large longitudinal studies on MCI subjects.
Performances on episodic memory tasks are associated with
demographic variables and cognitive reserve. Several factors that may
affect the effectiveness of covariates on test scores in discriminating atrisk patients from control subjects (e.g., occupational history,
socioeconomic status and contextual factors such as time of the day or
metabolic status) have not been systematically investigated.
d
The literature review is generally supporting improved predictive
values for the combination of delayed recall tasks with biological and
imaging biomarkers, with a particular impact of the latter. The evidence
is, however, scanty and mainly focused on the combination of RAVLT
performance with imaging or CSF biomarkers.
There are several problematic issues in this area. First, the delayed recall
tests tend to go to ﬂoor very fast, and are thus of limited usefulness to
study disease progression. Repeated testing is of interest only in the
very early and prodromal disease stages, when subtle cognitive changes
may be detected only with repeated measurements. Second, in the very
early and prodromal stage an important issue is availability of parallel
forms to account for learning effects.
d
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3dRetrospective
longitudinal
repository
studies

Partly achieved
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2.3.5. Phase 5
Phase 5 studies aim to exactly quantify the impact of the
biomarker-based diagnosis on clinically meaningful outcomes and
costs. It consists of case-control studies, assessing the reduction in
mortality, morbidity, disability, and costs as allowed by the
biomarker-based diagnosis. It also aims to compare the costs of
different biomarkers testing protocols and settings.
2.4. Evidence evaluation
The primary and secondary aims described in Section 2.3 were
assessed as Fully achieved, Partly achieved, Preliminary evidence,
Not achieved or Not applicable.

d

d

d

d

d

d

d

Not achieved

Not achieved

Not achieved

Not achieved

Not achieved

Not achieved

Not achieved

Quantify the impact of the
BM-based diagnosis on
clinically meaningful
outcomes and costs

Key: AD, Alzheimer’s disease; BM, biomarker; CSF, cerebrospinal ﬂuid; MCI, mild cognitive impairment; RAVLT, Rey Auditory Verbal Learning Test.

d

5dDisease control
studies

diagnosed and treated
based on the BM

the detection rate and the false referral rate. Studies at this stage
involve testing people and lead to diagnosis and treatment.
Secondary 1: To describe the characteristics of disease detected
by the biomarker testdin particular, with regard to the
potential beneﬁt incurred by early detection.
Secondary 2: To assess the practical feasibility of implementing
the case ﬁnding program and compliance of test-positive
subjects with workup and treatment recommendations.
Secondary 3: To make preliminary assessments of the effects of
biomarker testing on costs and mortality associated with the
disease.
Secondary 4: To monitor disease occurring clinically but not
detected by the biomarker testing protocol.
Primary: To estimate the reductions in disease-associated
mortality, morbidity, and disability afforded by biomarker
testing.
Secondary 1: To obtain information about the costs of
biomarker testing and treatment and the cost per life saved or
per quality-adjusted life year
Secondary 2: To evaluate compliance with testing and workup
in a diverse range of settings.
Secondary 3: To compare different biomarker testing protocols
and/or to compare different approaches to treating test-positive
subjects in regard to effects on mortality and costs.

Not achieved

2.4.1. Fully achieved
A primary or secondary aim was assessed as Fully Achieved
when its corresponding scientiﬁc evidence is available and replicated in adequately powered samples in studies without major
methodological faults.
2.4.2. Partly achieved
A primary or secondary aim was assessed as Partly Achieved
when scientiﬁc evidence is available but not yet sufﬁciently replicated, or samples are not adequately powered, or other signiﬁcant
methodological limitations can be found in the available literature.
2.4.3. Preliminary evidence
A primary or secondary aim was assessed as Preliminary Evidence when only preliminary evidence is available.
2.4.4. Not achieved
A primary or secondary aim was assessed as Not Achieved when
no evidence was found and no studies are known to be ongoing at
present to cover this aim.
2.4.5. Not applicable
A primary or secondary aim was assessed as Not Applicable
when no evidence can be yielded for the considered biomarker.
2.5. Articles search and selection
Articles were selected searching on the PubMed and Medline
databases. Trying to apply the framework of Pepe et al. (2001) to the
use of tests designed for the assessment of memory as a marker of
the clinical presentation of typical AD, we identiﬁed studies targeting well-established candidates for the detection of long-term
memory disorders in AD dementia patients or MCI subjects at
risk for progression to AD dementia. Only articles including patients
classiﬁed as MCI or AD according to validated clinical diagnostic and
research criteria (Albert et al., 2011; Dubois et al., 2010, 2014;
McKhann et al., 1984, 2011; Petersen, 2004; Sperling et al., 2011)
were included.
The search was limited to the available evidence regarding
free or cued word list recall tests. The reasons for the selection of
this speciﬁc class of tasks are described in the Section 1. We do not
aim to rule out other tests or conceptualizations for testing memory
related to early medial temporal cortex and/or hippocampal
structures damage in AD dementia with new experimental procedures (see the following section). However, evidence is still
lacking to support the applicability of new promising cognitive
tools to explore AD-related memory disorders. Short story recall
(logical memory) and paired associates (associative memory)
learning tasks have been excluded from this review due to
the different neuropsychological constructs compared to the
verbal word list tasks. Some of these neuropsychological measures
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(e.g., paired associate learning and name-face learning) actually
showed high sensitivity in sporadic and familial AD (see Lowndes
and Savage, 2007 for a review on the usefulness of associative
memory tasks). A promising paradigm, namely the visual shortterm memory binding task (Parra et al., 2009), which showed
very high sensitivity and speciﬁcity even in the preclinical phase of
genetic AD cases (Parra et al., 2010), still needs additional evidence
for the proper use in clinical settings. Other potentially interesting
candidates for the early AD recognition are the Delayed Matching
Sample (DSM48) visual recognition test (Barbeau et al., 2004) and
the topographical memory test described by Hartley et al. (2007),
both speciﬁcally designed to detect the early pathological
involvement of the entorhinal-perirhinal cortex. Low performances
on the DMS48 task may detect MCI subjects with a pattern of graymatter loss, usually described in early AD (Barbeau et al., 2008).
Different strings were used to circumscribe the search specifically to the different aims and/or subaims (Supplementary Tables 1
and 2). When aims were notoriously achieved (e.g., evidence that
low performance on delayed recall tasks is a hallmark for typical
AD), a set of reference articles or, if available, a review was selected
by the authors. In cases with lacking or scanty output, more
inclusive strings were admitted to extend the research. Relevant
evidence from previous personal knowledge and tracking from
reference articles was included. Only articles published in English
and up to May 2015 were included. The ﬁnal selection of articles
was based on relevance, as judged by the authors.

3. Current maturity of free and cued word list recall tests
3.1. Phase 1dpreclinical exploratory studies
The aim of phase 1 is to identify leads for potentially useful
biomarkers and to prioritize them. Evidence coming from large
preclinical exploratory studies highly supports the rationale for the
use of impaired performance at word list recall tests as marker of
typical AD. Such tests assessing long-term recall of recently learned
items are often tagged as “episodic memory tests,” even though
they capture only one important feature of the learning episode
(i.e., what the subject remembers) (Tulving, 2002). In typical AD,
early neuropathological changes occur in the perirhinal and entorhinal cortices, and in the hippocampal structures disconnecting
the Papez circuit (Braak and Braak, 1991), and thus selectively
affecting the ability to consolidate new information and resulting in
low performances on delayed recall tasks (Squire et al., 2004).
Medial temporal lobe structures have a fundamental role in the
rapid formation of lasting memory information (Squire et al., 2004).
Different studies have assessed the link between the neuropathological hallmarks of AD (i.e., amyloid plaques and neuroﬁbrillary
tangles) and the severity of antemortem cognitive impairment (see
Nelson et al., 2012 for a review). Despite a large variability among
clinicopathological correlation studies, mainly due to different
study designs, research cohort characteristics, clinicalneuropsychological assessments or operational procedures for the
anatomical-pathological analysis, studies with large autopsy series
agreed in reporting that postmortem density of neocortical taupositive neuroﬁbrillary tangles is the pathological feature best
correlating with antemortem cognitive status (Nelson et al., 2012).
In particular, the neuroanatomical distribution of neuroﬁbrillary
tangles in the medial temporal lobe structures (Braak stages IIIeV)
(Braak and Braak, 1991) is closely related to the presence of
impaired consolidation and storage of information (Guillozet et al.,
2003). In more advanced AD, as the degeneration and the deposition of neuroﬁbrillary tangles spread to neocortical areas (Braak
stages VeVI), other nonmemory cognitive domains (e.g., executive

function, visuospatial abilities, or language) are affected (Nelson
et al., 2012).
Atypical AD cases, however, do not clearly ﬁt into the Braak
staging scheme and may not be conform to the previously
mentioned medial temporal lobe dysfunction paradigm. In particular, a hippocampal-sparing neuropathological pattern has been
described in addition to the typical AD and the limbic-predominant
subtypes (Murray et al., 2011). Consequently, atypical AD cases
cannot be early detected by episodic memory tests. Thus, free and
cued word list recall tests may be poorly useful in the diagnostic
algorithm of such cases (see also the Section 3.2.4).
In conclusion, we can consider phase 1 as Fully Achieved.
Adequate scientiﬁc evidence is indeed available supporting the fact
that (1) medial temporal lobe structures are affected early in AD;
and (2) the extent of cognitive impairment parallels the severity of
cortical neuroﬁbrillary tangles pathology.
3.2. Phase 2dclinical assay development for clinical disease
The aim of phase 2 is to deﬁne the ability of the biomarker to
discriminate patients from controls. The primary aim of this phase
is to estimate true positive rate and false positive rate or receiver
operating characteristic curve for the assay and to assess its ability
to distinguish subjects with and without the disease.
Several studies provide evidence of good and/or excellent values
in the discrimination of AD dementia patients from healthy control
subjects for many tasks used to assess episodic memory impairments (Buschke et al., 1997; Delgado et al., 2016; Ivanoiu et al.,
2005; Lemos et al., 2015; Ricci et al., 2012; Sotaniemi et al., 2012;
Vogel et al., 2007; Welsh et al., 1991, 1992; Wolfsgruber et al.,
2014). This is particularly true for the delayed recall score of free
and cued word list tasks.
The delayed recall score of the RAVLT task (i.e., learning a 15-word
list presented in 5 trials) outperformed (sensitivity 100% and speciﬁcity 98.3%e100%) the immediate recall (i.e., the sum of learning
scores of trials 1e5) in discriminating AD dementia from normal
individuals both in the Italian and the Australian samples of the
study by Ricci et al. (2012). Similarly, a large Finnish study (Sotaniemi
et al., 2012) on 171 AD dementia patients and 315 cognitively normal
individuals using the memory task of the CERAD (i.e., learning a
10-word list presented in 3 trials), a short neuropsychological battery
developed in the United States, showed that the delayed recall is the
most efﬁcient subtest able to discriminate patients from controls
(sensitivity 94% and speciﬁcity 85%). This result was further
conﬁrmed by Wolfsgruber et al. (2014) who reported excellent crosssectional diagnostic accuracy for both delayed (area under the curve
[AUC] 0.943) and immediate recall (AUC 0.936).
The use of controlled learning conditions and of cues in the
recall phase also demonstrated very high diagnostic value for distinguishing AD dementia patients from healthy controls (Buschke
et al., 1997; Delgado et al., 2016; Ivanoiu et al., 2005; Lemos et al.,
2015; Vogel et al., 2007). Lemos et al. (2015) showed that both
the total immediate and delayed free recall measures of the FCSRT
task had excellent accuracy for AD discrimination (Lemos et al.,
2015). Direct comparison of these 2 measures provided evidence
for a better sensitivity of the total free delayed recall (96%)
compared to the total free immediate recall (94%) (Lemos et al.,
2015). The latter measures showed however a higher speciﬁcity
value (99% vs. 97%) (Lemos et al., 2015). In addition, Delgado et al.
(2016) showed that both the “word” and the “picture” versions of
the FCSRT have high accuracy (AUC >0.9) in distinguishing mild AD
from healthy subjects. Although visual cues were easier to recall
than verbal cues, resulting in greater scores particularly at the total
recall measure, “word” and “picture” performances were well
correlated with each other (Delgado et al., 2016).
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Direct comparisons between free and cued recall tasks, however,
do not provide deﬁnitive evidence for a better discrimination validity
of one class of tasks with respect to the other. In particular, Vogel et al.
(2007) showed high sensitivity (88.6%e91.4%) and speciﬁcity (96.4%)
for the immediate and delayed cued subtests of the Grober-Buschke
paradigm, that is, values comparable with the immediate recall of the
ADAS-cog (sensitivity 88.6% and sensitivity 96.4%). The highest
sensitivity (100%) was reported for the delayed recall of ADAS-cog
(Vogel et al., 2007). Ivanoiu et al. (2005) reported similar ﬁndings,
showing that the total delayed recall of the cued paradigm RI-48 and
the delayed recall of CERAD word list are both sensitive measures to
discriminate AD from healthy subjects. In contrast, the savings
measure is clearly less sensitive than both delayed recall and immediate recall taken in isolation (Ivanoiu et al., 2005).
In conclusion, sufﬁcient scientiﬁc evidence is available to
consider phase 2 main aim as Fully Achieved. No data support at
present the superiority of a single free or cued recall word list task
in the ability to discriminate AD dementia patients from control
subjects. Good and/or excellent discriminating value emerged for
all the delayed recall subtests.
3.2.1. Phase 2, secondary aim 1
The ﬁrst secondary aim of phase 2 is to optimize procedures for
performing the assay and to assess the reproducibility of the assay
within and between laboratories.
Limitations are present in current literature on the procedures
for the administration of free and cued word list tasks, whose
reliability is mandatory to ensure reproducibility across different
centers and experimenters. Despite the fact that all the neuropsychological measures object of this review are available in standardized versions for the reference populations, different
administration procedures and formats exist, preventing the direct
comparability of results among samples.
Different formats of the same task may result in dissimilar
performances (Crane et al., 2012). In particular, some tests seem to
be more prone to this effect (e.g., the 2 RAVLT word lists used in
Alzheimer’s Disease Neuroimaging Initiative neuropsychological
battery are not equivalent to each other and list 2 is systematically
harder than list 1, while the 3 versions of the ADAS-cog word list are
much more similar to each other) (Crane et al., 2012).
Several versions of the Grober-Buschke paradigm have been
developed for the clinical use (Auriacombe et al., 2010; Buschke,
1984; Buschke et al., 1997; Dierckx et al., 2009; Dion et al., 2015;
Frasson et al., 2011; Grober and Buschke, 1987; Grober and
Kawas, 1997; Ivnik et al., 1997; Lekeu et al., 2003; Lemos et al.,
2015; O’Connell and Tuokko, 2002; Petersen et al., 1994; Sarazin
et al., 2007; Tounsi et al., 1999). They differ in the number of the
to-be-learned items (i.e., 12 or 16), in the physical characteristics of
the stimuli (e.g., line drawings, printed or orally spoken words) and
in the testing procedures. In addition, the many versions differ in
the number of learning trials (i.e., 3 or 6 trials) and in the inclusion
of a yeseno recognition test.
The paradigm construction (e.g., presence of low or high number
of to-be-remembered items) may considerably inﬂuence patient
performance, preventing the direct comparison among case series.
Very few are, however, the attempts to compare the psychometric
properties of different word list recall task versions (e.g., Delgado
et al., 2016). To date, neither sufﬁcient evidence is available nor
has direct effort been employed to systemically compare different
standardized versions. For these reasons, this subaim can be
considered as only Partly Achieved.
3.2.2. Phase 2, secondary aim 2
Secondary aim 2 of phase 2 is to determine the relationship
between biomarker tissue measurements made on tissue (phase 1)
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and the biomarker measurements made on the noninvasive clinical
specimen (phase 2).
This is not applicable to neuropsychological measures. However,
since performances on free and cued recall word list tasks may
represent indirect measures of neurodegeneration of the medial
temporal lobe structures, as reported previously (see phase 1), a
predictable correlation between the topographical distribution of
AD pathologic changes and the pattern of cognitive impairment
appears to exist.
As example, the FCSRT scores have been recently shown to
correlate with hippocampal atrophy (Sarazin et al., 2010) and with
gray-matter loss of medial temporal lobe (Koric et al., 2013; Rami
et al., 2012). Moreover, impaired FCSRT performance can be
correlated with the presence of AD pathology as shown by changes
of CSF Ab values (Rami et al., 2012; Wagner et al., 2012; Xie et al.,
2014), even at a prodromal stage (Derby et al., 2013).
Since no data addressing this speciﬁc issue are available and
only indirect evidence is present, we evaluate this subaim as Not
Applicable.
3.2.3. Phase 2, secondary aim 3
Secondary aim 3 of phase 2 is to assess factors associated with
biomarker status or level in control subjects. If such factors affect
the biomarker, thresholds for test positivity may need to be deﬁned
separately for target subpopulations.
As the majority of cognitive measures, many factors are associated with performances on delayed recall tasks in cognitively
healthy subjects. Age, education, and gender have a relevant impact
on the cognitive performances in neuropsychological testing.
Adjusted data of standardized versions account for such variables in
the determination of the threshold for test positivity. For this
reason, raw scores should be corrected for all the confounding
demographic features according to the normative data of the
reference population in order to control their weight on the performance. Thus, normative data are crucial both in clinical settings,
to obtain single individual corrected scores, and in research studies
aimed at addressing accuracy of test performance. The availability
of good normative data, possibly uncontaminated by undiagnosed
cognitively impaired control subjects, is thus a necessary prerequisite in order to consider the task as sufﬁciently reliable.
An important issue to consider when interpreting cognitive test
results is the base rate of low performance in the normative sample.
For example, 60.6% of the normative sample of the CERAD neuropsychological assessment battery obtained one or more scores at or
below the 10th percentile (Mistridis et al., 2015).
In this context, many tasks included in this review have
normative data for many different languages and countries. Efforts
for providing normative data for the Grober-Buschke paradigm
are more recent, and normative data for FCSRT are available for
English-, Spanish-, French-, Italian-, and Danish-speaking
populations (Dion et al., 2015; Frasson et al., 2011; Grober et al.,
1998; Ivnik et al., 1997; Mokri et al., 2013; Vogel et al., 2007).
It must be underlined that the concept of cognitive reserve includes not only the educational level but also to lifestyle and occupation habits (Xu et al., 2015). These factors have signiﬁcant direct
and indirect effects on performances at delayed recall tasks and
should therefore be considered in the evaluation and diagnosis of
memory complaining subjects (Lojo-Seoane et al., 2014). For
example, total recall of FCSRT is more sensitive to cognitive change
in MCI subjects at low rather than at high levels of baseline cognition
(Mura et al., 2014). The ceiling effect of this task suggests that it
should be used with caution to assess memory changes in subjects
with high premorbid cognitive performance (Mura et al., 2014).
The weight of demographic variables on the performances at the
delayed recall tasks has not been deﬁnitely evaluated in all the
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reference subpopulations. Moreover, apart from educational level,
neuropsychological task performances are not controlled for other
possible factors inﬂuencing cognitive performance at baseline, such
as socioeconomic status and other factors possibly affecting
cognitive reserve. For these reasons, this subaim is to consider as
Partly Achieved. It is expected that ongoing studies will ﬁll this gap
within a few years.
3.2.4. Phase 2, secondary aim 4
Secondary aim 4 of phase 2 is to assess factors associated with
biomarker status or level in diseased subjectsdin particular, disease characteristics. The relationship between several disease
characteristics (e.g., age at onset, genetic factors, comorbidities,
atypical presentation) and episodic memory performances has
been partly explored in AD dementia patients.
Memory tasks are not uniformly impaired in early- and lateonset AD cases (van der Flier et al., 2011). Multiple studies indicated that early onset of AD is associated with lower performance
on different memory tasks (Kaiser et al., 2012; Kalpouzos et al.,
2005). This impairment is strictly intersected with the ApoE carrier condition (van der Flier et al., 2011). Early-onset AD carriers of
the ApoE 34 allele had worse results for memory tasks than did
noncarriers (van der Flier et al., 2011), and the homozygous 34/34
genotype is frequently seen in patients with amnestic presentations
than in those with nonmemory phenotypes (van der Flier et al.,
2011). ApoE ε4 allele condition is also a well-established risk factor for late-onset AD affecting the age of onset (Shi et al., 2014).
Although this evidence, it is still not clear if the weight of the ApoE
ε4 allele carrier condition is the cognitive decline of AD. Results of a
meta-analysis on 1700 patients (Allan and Ebmeier, 2011) showed
indeed that different ApoE alleles do not modify the speed of
clinical progression of dementia in terms of cognitive decline or
mortality.
Finally, an atypical topographical localization of the neuronal
injury in the course of AD pathology (as in case of posterior cortical
atrophy, logopenic variant of primary progressive aphasia, or
frontal variant of AD) may result in a relative sparing of memory
function in the early phase of disease.
We can thus consider this subaim as only Partly Achieved, since
further studies are required. Notably, investigations on additional
genetic risk factors and on the inﬂuence of comorbidities, such as
those with diabetes or sleep apnea, are still lacking.
3.3. Phase 3dprospective longitudinal repository studies
The primary aims of phase 3 consist in evaluating the capacity of
the biomarker to detect preclinical disease (primary aim 1) and in
deﬁning criteria for a positive biomarker test in preparation for
phase 4 (primary aim 2).
Different studies explored the capability of delayed recall tasks
to detect the earliest stages of the AD pathology, that is, MCI that
will progress to AD dementia. One point in need of an adequate
consideration is the criterion for positivity to be used for neuropsychological tests. In the case of MCI, the threshold for positivity is
the same as for AD dementia, namely a neuropsychological performance between 1 and 2 standard deviations below an age- and
education-matched control population (Petersen, 2004). A reduced
performance on memory tasks compared with that of the reference
population is required to qualify a cognitive complaint as “objective.” Thus, this is a mandatory prerequisite for deﬁning the condition of MCI and distinguishing it from subjective memory
complaints (Petersen, 2004; DSM-V, APA, 2000).
The cutoff between normal and pathological ﬁndings to be
applied on individual basis is crucial for the clinical use of any
cognitive marker. Standardization procedure and normative data

according to the reference population (see Section 3.2.3) allow us to
clearly deﬁne cognitive performance abnormality at the individual
level. A challenge, however, could be the determination of speciﬁc
cutoff points for the prodromal AD phase accounting for possible
confounding variables (see Gainotti et al., 2014 for a critical review).
Predictive values of both learning and retention measures of free
word list tasks have been widely investigated and have been
consistently shown to predict progressions from MCI to AD in both
community-based and memory clinic samples (Anchisi et al., 2005;
Chang et al., 2010; Estevez-Gonzalez et al., 2003; Fleisher et al.,
2007; Gallagher et al., 2010; Ivanoiu et al., 2005; Kim et al., 2010;
Landau et al., 2010; Tabert et al., 2006).
A meta-analytic study on the cognitive impairments in prodromal AD subjects (Bäckman et al., 2005) reported values of immediate and delayed recall subtests for predicting progression to
dementia, with a better performance of delayed recall. In agreement with this, Chang et al. (2010) showed good predictive values
both for immediate and delayed recall of RAVLT, with better
predictive power when both measures are impaired. Literature
ﬁndings are, however, scanty and heterogeneous in methodology,
failing to conﬁrm or disprove the superiority of one measure above
the other. As example, Landau et al. (2010) reported very
high sensitivity (93%), high speciﬁcity (88%), and overall accuracy
(90%) for the immediate recall of RAVLT, but in this study, this was
the only RAVLT measure taken into account. In line with these
authors (Landau et al., 2010), Ivanoiu et al. (2005) also reported very
high sensitivity for the immediate recall (100%) of the CERAD
10-word list, even better than the savings (90%) and delayed
recall (86%) measures. Both immediate and delayed recall scores
of the CERAD were good predictors of incident AD dementia
(AUC ¼ 0.835e0.838) in elderly primary care patients (Wolfsgruber
et al., 2014).
Comparable diagnostic accuracy and predictive values have
been reported for the delayed recall subtest of other word list
paradigms, namely CVLT (Anchisi et al., 2005), Seoul Verbal
Learning Test (Kim et al., 2010), ADAS-cog 10-word list (Fleisher
et al., 2007), Wechsler Memory Scale (Espinosa et al., 2013),
delayed word recall task (Gallagher et al., 2010), and for the percent
savings from immediate to delayed recall of the Selective
Reminding Test (Tabert et al., 2006). In addition to delayed recall, a
more stringent clinical classiﬁcation (i.e., probable MCI according to
Petersen’s criteria), the presence of multiple cognitive impairments
and of at least one apolipoprotein E (APOE) ε4 allele resulted in an
increased risk of progression (Espinosa et al., 2013).
Cued paradigms showed also very high predictive value for
progression to AD in large studies on MCI subjects (Belleville et al.,
2014; Derby et al., 2013; Grober et al., 2000, 2010; Ivanoiu et al.,
2005; Mura et al., 2014; Sarazin et al., 2007). The cued delayed
recall of the RI48-test showed a higher accuracy (sensitivity ¼ 100%
and speciﬁcity ¼ 77%) compared to the CERAD 10-word list (Ivanoiu
et al., 2005). Out of 251 MCI subjects tested by Sarazin et al. (2007)
at baseline and followed at 6-month intervals for up to 3 years, 59
subjects progressed to AD dementia. Among different neuropsychological tasks, the immediate total recall and the index of cueing
of FCSRT had the best accuracy (AUC ¼ 94% and 93%; sensitivity ¼
79.7% and 78%; speciﬁcity ¼ 89.9% and 84.9%, respectively) for the
diagnosis of AD in the prodromal phase. Additional results have
been reported in a prospective longitudinal study on 122 singledomain or multiple-domain amnestic MCI recruited from memory clinics and followed up to 8 years (Belleville et al., 2014). The
strongest predictors were free immediate recall of FCSRT together
with the delayed recall of a story (i.e., MEMO-TEXT). The best
model, yielding high sensitivity (88%), speciﬁcity (87.1%), and very
high positive (81.8%) and negative (91.7%) predictive values,
included both delayed recall tasks and nonmemory measures,
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supporting the utility of combining different neuropsychological
tasks to obtain higher accuracy (Belleville et al., 2014).
In conclusion, the literature review is generally supporting good
predictive values for both immediate and delayed recall measures.
Some comparative studies among different tasks (e.g., one free
recall task vs. another; free vs. cued paradigms; different memory
paradigms with each other) are available, with sparse and contradictory ﬁndings. Word list recall tests with a built-in semantic selfcueing option (i.e., CVLT) has been shown to be more sensitive to
subtle episodic memory impairments compared to simple unrelated word list learning (Beck et al., 2012). While it is well established that scores of different free word list tasks (e.g., RAVLT and
CVLT) highly correlate with each other in cognitively normal
individuals (Crossen and Wiens, 1994), unquestionable similarities
or relevant differences have not been clearly shown in neurodegenerative patients. Literature ﬁndings are inconsistent, with some
authors stressing the lack of critical differences between free or
cued tasks in the prediction of MCI conversion to AD dementia
(Ivanoiu et al., 2005), whereas others supported better operating
characteristics for the cued paradigm compared to free word list
learning and/or logical memory measures (Derby et al., 2013;
Wagner et al., 2012). In addition, better predictive values have
been suggested for the combination of delayed recall tasks with
other cognitive measures (i.e., Mini-Mental Status Examination and
Mental Control subtest of the Wechsler memory scale) (Pozueta
et al., 2011; Tierney et al., 1996). Recently, a composite episodic
memory score proved in MCI better performance compared to
individual memory scores to improve the power to predict progression to AD (Marra et al., 2015). Unfortunately, no direct comparison between a given format of a recall task versus another one
in the same population is available.
There is at the moment insufﬁcient evidence for the superiority
of one measure compared to the others, as well as of cued paradigms compared to traditional measures of free recall. Further
studies are needed to address the impact of different cutoff points
for delayed recall tests in MCI. As reported by the Bruscoli and
Lovestone’s (2004) in a systematic review of conversion studies,
the more stringent the measures of memory impairment, the better
the prediction of conversion. Therefore, it seems essential to
explore this issue in future research on large longitudinal studies.
We can thus consider primary aims of phase 3 studies as only Partly
Achieved. Some evidence is in fact available but many methodological limitations (e.g., lack of sufﬁcient direct comparisons among
the different task measures) prevent to draw ﬁnal conclusions.
3.3.1. Phase 3, secondary aim 1
Secondary aim 1 of phase 3 is to explore the impact of covariates
on the discriminatory abilities of the biomarker before clinical
diagnosis.
This issue has already been discussed previously in relation to
age, education, and gender (Section 3.2.3). Several additional factors that may affect the effectiveness of covariates on test scores in
discriminating at risk patients from control subjects are occupational history, socioeconomic status as well as contextual factors
(time of the day, metabolic status). These have not been systematically investigated.
Since no data addressing the previously mentioned factors are
available, we can thus consider secondary aim 1 of phase 3 studies
as only Partly Achieved.
3.3.2. Phase 3, secondary aim 2
The secondary aim 2 of phase 3 is to compare markers with a
view to selecting those that are most promising.
As the performance on memory test is better considered as a
gateway to the application of biomarkers, rather than a biomarker
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per se, a direct comparison between memory test scores and AD
biomarkers in terms of diagnostic contribution is not considered as
appropriate.
This subaim is thus evaluated as Not Applicable.
3.3.3. Phase 3, secondary aim 3
The aim is to develop algorithms for positivity based on combination of markers.
No speciﬁc diagnostic algorithm for positivity based on combination of delayed recall tests and AD biomarkers has been yet
proposed. The relevance of including neuropsychological markers
in the diagnostic algorithm is incontestable, as cognitive measures
contribute to deﬁne the population of interest (e.g., amnestic or
nonamnestic MCI subjects; AD or non-AD dementia patients) (see
Section 1 for the concept of objective memory performance as a
“gatekeeper” to biomarker assessment).
Several studies however tested the combination of memory
measures (not directly used for the classiﬁcation of the patient)
with structural and/or functional imaging and CSF markers in early
or prodromal AD cases. A number of articles, for example, reported
predictive values of cognitive measures combined with MRI
(Devanand et al., 2007; Eckerström et al., 2013; Ewers et al., 2012;
Geroldi et al., 2006; Heister et al., 2011; Richard et al., 2013;
Visser et al., 2002), CSF (Eckerström et al., 2013; Richard et al.,
2013), or FDG-PET imaging (Anchisi et al., 2005; Chételat et al.,
2005; Landau et al., 2010).
Richard et al. (2013) found no incremental value of adding up
MRI and CSF biomarkers to the outcome of a memory test (i.e.,
immediate recall of RAVLT) in the early differential diagnosis of
patients with MCI (average follow-up of 39 months). This study
simulates well the clinical reality by ﬁrst establishing diagnostic
accuracy for the neuropsychology task and then quantifying the
performance of MRI and CSF biomarkers. All 3 diagnostic instruments (i.e., delayed recall test, MRI imaging, and CSF values)
substantially contributed to the differentiation of stable MCI from
converters to AD (AUCs w0.65), while neither MRI nor CSF significantly improved diagnostic accuracy compared to the RAVLT
administration alone. Different data have been reported by other
authors. For instance, Eckerström et al. (2013) reported that, while
delayed recall of RAVLT is the best individual predictor of dementia
compared to CSF values and hippocampal volume measurement, an
incremental diagnostic value is provided by the combination of
these diagnostic instruments. The 3 measures combined (i.e.,
RAVLT, CSF, and MRI) were, indeed, the most successful combination for predicting dementia (AUC ¼ 0.96) (Eckerström et al., 2013).
Additionally, Heister et al. (2011) supported the utility of combining
different tools to increase the diagnostic value. These authors reported an increased risk of AD conversion in subjects with joint
presence of any 2 risk factors among immediate recall of RAVLT,
MRI, and CSF (Heister et al., 2011). The combination of greater
learning impairment and increased atrophy was associated with
the highest risk (namely, 85% of patients with both risk factors
converted to AD within 3 years) (Heister et al., 2011). In further
support of the additional value of combining different diagnostic
measures are the results of the study of Landau et al. (2010) in
which the authors showed that MCI patients with abnormal results
on both FDG-PET imaging and RAVLT task were 11.7 times more
likely to progress to AD than subjects who had normal results on
both measures.
In conclusion, the literature review is generally supporting
improved predictive values for the combination of delayed recall
tasks with biological and imaging biomarkers, with a particular
impact of the latter. The evidence is, however, scanty and mainly
focused on the combination of RAVLT performance with imaging or
CSF biomarkers. No conclusion can, thus, be drawn on the
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superiority of a speciﬁc combination of one neuropsychological tool
and topographical/biological biomarkers relative to another combination (e.g., RAVLT or CVLT or cued paradigms combined to CSF
measures or MRI and PET imaging), since the available evidence is
not sufﬁcient and not yet sufﬁciently replicated with adequately
powered methods.
In particular, the lack of evidence on which is the delayed recall
task to prefer forces us to consider this subaim of phase 3 as only
Partly Achieved.
3.3.4. Phase 3, secondary aim 4
This aims to determine a biomarker testing interval for phase 4 if
repeated testing is of interest.
There are several problematic issues in the application of the
concept to this area. First, the delayed recall tests tend to go to ﬂoor
very fast and are thus of limited usefulness to study disease
progression (Locascio et al., 1995). Repeated testing is of interest
only in the very early and prodromal disease stages, when subtle
cognitive changes may be detected only with repeated measurements. Second, in the very early and prodromal stage an important
issue is availability of parallel forms to account for learning effects.
For example, the same performance at follow-up may indicate a
lack of practice effects, that is, a minimal (initial) disorder (Zehnder
et al., 2007). Unfortunately, this is still a largely neglected area, with
some exceptions (i.e., Repeatable Battery for the Assessment of
Neuropsychological Status [RBANS]).
On the basis of these considerations, this subaim is at present to
consider as Not Achieved.
3.4. Phase 4dprospective diagnostic studies
The primary aim of phase 4 is to determine the operating
characteristics of the biomarker-based test in a relevant population
by determining the detection rate and the false referral rate. Studies
at this stage involve testing clinical populations and leading to
diagnosis and treatment.
The main aim of phase 4 is thus still Not Achieved.
3.4.1. Phase 4, secondary aim 1
Secondary aim 1 of phase 4 assesses the characteristics of disease detected by the biomarker testdin particular, with regard to
the potential beneﬁt incurred by early detection.
Only preliminary evidence is available in the case of AD. In
general, the scientiﬁc and medical community agrees upon the fact
that earlier diagnosis may be advantageous for patients and caregivers, particularly for optimized medical management, future
planning, access to services, risk reduction, and delaying nursing
home placement (Banerjiee et al., 2007; Banerjiee and Wittenberg,
2009; Relkin, 2000).
This subaim is thus evaluated as Not Achieved.
3.4.2. Phase 4, secondary aim 2
The secondary aim 2 of phase 4 assesses the practical feasibility of implementing the diagnostic program and compliance
of test-positive subjects with workup and treatment
recommendations.
This subaim has not been assessed by any speciﬁc study and is
thus evaluated as Not Achieved.
3.4.3. Phase 4, secondary aim 3
The aim is to make preliminary assessments of the effects of
biomarker testing on costs and mortality associated with the
disease.
This aspect has not been speciﬁcally assessed. This aim is thus
evaluated as Not Achieved.

3.4.4. Phase 4, secondary aim 4
This aim is to monitor disease occurring clinically but not
detected by the biomarker testing protocol.
This subaim has not been speciﬁcally assessed and thus evaluated as Not Achieved.
3.5. Phase 5ddisease control studies
This ﬁnal phase addresses whether using biomarkers for early
diagnosis reduces the burden of AD in the general population.
Given the lack of effective pharmacological and/or nonpharmacological interventions for AD, population-level screening
for dementia may not be acceptable to either the general public or
health care professionals (Martin et al., 2015). Stigma, ﬁnancial
implications, impacts on employment and driving, as well as on
person’s lifestyle and attitude to health, combined with the
knowledge of poor prognosis and few treatment options, play a
crucial role in decision-making about population screening.
Thus, primary aim and subaims of phase 5 have not been speciﬁcally assessed and should be evaluated as Not Achieved.
4. Conclusions
A comprehensive neuropsychological evaluation of cognitive
functions is required in all patients with subjective complaint not
otherwise explained in order to identify the early stages of neurodegeneration. The choice of the task to assess the different
cognitive domains is critical, in view of reaching sufﬁcient sensitivity and speciﬁcity to detect early subjects at risk of developing
AD dementia (i.e., prodromal AD cases). The psychometric properties of the test (e.g., sensitivity to cognitive change, speciﬁcity for
neurodegeneration, ﬂoor and ceiling effects) have an important
impact. The neuropsychological measures used to determine the
MCI condition should be considered as the entry point to appropriate diagnostic algorithm for AD or non-AD neurocognitive disorders, as they make it possible to delineate the target population
(in research settings) or the patients (in clinical settings), which
may be candidate to undergo other invasive (i.e., CSF), costly
(i.e., MRI), or both invasive and costly (i.e., PET imaging) biomarker
assessments. The proper use of single neuropsychological tasks
and, even better, the development of a combination of tasks
are particularly urgent in the diagnosis of neurodegenerative
dementias. The objective conﬁrmation of long-term memory
impairment, which is the earliest and most prominent feature of
typical AD dementia (Salmon, 2012), is in need of further speciﬁc
investigation. Noteworthy, no recommendation concerning the
choice of the memory task to be used to assess this function in MCI
subjects is currently available. The use of cued memory paradigms
is suggested (Dubois et al., 2010, 2014), but no speciﬁc guidelines
have been provided so far regarding the format that should be
preferred. During the last 15 years, cognitive markers have been
extensively used, in spite of the absence of clear-cut guidelines,
according to the availability of the tasks in the speciﬁc research or
clinical setting, mainly in academic memory clinics.
This review is part of a wider effort to outline a roadmap for
the correct application of AD biomarkers in research and clinical
settings (Chiotis et al., 2017; Garibotto et al., 2017; Mattsson et
al., 2017; Porteri et al., 2017; Sonni et al., 2017; Ten Kate et al.,
2017). The whole framework is borrowed from drug development and its speciﬁc translation for the oncology ﬁeld (Pepe
et al., 2001). We have revised the framework in order to
adapt it to the current context and to the needs of the ﬁeld of
neurodegenerative dementias with a focus on the maturity
of free and cued word list measures. Impairment on this class of
tasks is considered as the core of neuropsychological feature of
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typical AD dementia, consistent with the neuroanatomic
distribution of histopathological abnormalities in medial temporal regions already present in the mildest stages of AD (Braak
and Braak, 1991). Some authors previously reviewed neuropsychological predictors of conversion from MCI to AD dementia (see for examples Gainotti et al., 2014; Li et al., 2016;
Modrego, 2006). Here, we included only studies providing evidence for diagnostic accuracy in AD or for the prediction of
progression from MCI to AD, with the main aim to unveil gray
areas in need of further conﬁrmation.
he limitations of this review reﬂect the inhomogeneous and
nonsystematic use of neuropsychological testing in research and
clinical settings. Despite the variability among studies in design,
statistical approach, follow-up length, and cognitive tests used, a
general pattern seems to emerge. The majority of studies on AD
dementia patients reported delayed recall as the most sensitive
measure. Higher delayed recall scores on auditory verbal learning
tasks seem to be “protective” for the progression to AD dementia, as
shown by a recent meta-analysis and review of cohort studies
assessing risk factors in MCI subjects (Li et al., 2016). The literature
is also in favor of good predictive values for the progression from
MCI to AD dementia not only for delayed but also for immediate
recall measures. Although this literature review provided no
deﬁnitive support for the relative advantage of cued recall tasks in
comparison with tests measuring free recall in screening of patients
suspected for AD dementia, cued paradigms seem to offer better
operating characteristics compared to free word list learning
(Wagner et al., 2012). There is, however, clearly the need for
systematic studies directly comparing delayed recall from free or
cued tasks. A clear-cut conclusion on the preferable use of a speciﬁc
measure versus another cannot be drawn at the moment, this
remains a critical topic that should be addressed by future research
aimed at comparing several neuropsychological tests (and scores)
within the memory domain.
We focused on the assessment of delayed recall since its
impairment is a key feature of typical AD dementia. Nevertheless,
this will not be an accurate neuropsychological measure in atypical
AD cases (e.g., posterior cortical atrophy, logopenic variant of primary progressive aphasia, and frontal variant of AD). Therefore, this
measure may not always be the best choice to orient toward a
screening with second-level biomarkers in suspicion of an AD
condition. A combination of memory and nonmemory neuropsychological measures should thus be preferred as the gateway to the
assessment of second-level invasive and costly biomarkers.
Accordingly, different neuropsychological measures taken together
may provide a better accuracy than the measurement of single
cognitive domains (see for examples Belleville et al., 2014; Dierckx
et al., 2009; Mitchell, 2009a; Mitchell et al., 2009b; Tabert et al.,
2006; Tierney et al., 1996). Further research is required to determine the best cognitive algorithm (namely, a combination of
different memory tasks or memory and nonmemory tests) that is
expected to have a higher predictive diagnostic value because it
reﬂects the different components of the neurobiological dysfunctions occurring in AD pathology.
This review has several limitations. Notwithstanding our efforts
to be as inclusive as possible, the literature search was not a formal
systematic review. Moreover, the framework adapted by Pepe et al.
(2001) to the oncology ﬁeld had to be adapted to the current
context, that is, to provide a reliable and biomarker-based diagnosis
in people with cognitive complaints. This required adaptation of the
screening phases into a diagnostic perspective, which is conceptually different and has relevant limitations compared to screening
studies. Future development of the ﬁeld may allow to expand the
currently developed framework and to fully assimilate it to the
oncology and drug-development framework.
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